A numerical taxonomic analysis was performed on 79 phenotypic characters of 147 imperfect yeast species currently assigned to the genus Candida. The characters used were drawn from two monographs on yeast taxonomy. The analysis revealed 10 clusters of three or more species that were similar at the level of 75 % or more, and seven clusters containing only one or two species. None of the 10 major clusters contained exclusively species that were traditionally assigned to the genus Torulopsis, while the 12 Candida species of basidiomycetous affinity fell into three clusters with only one species of ascomycetous affinity included. Statistical determination of the five most important differential characters €or each cluster failed to show the property of pseudomycelium/mycelium formation as significant for any cluster. The study provides no evidence to support a distinction between taxa that were formerly divided between the genera Candida and Torulopsis and supports previous proposals that these genera should be fused.
Introduction
The taxonomy of some yeasts that do not form perfect (sexual) stages is controversial. The great majority of imperfect yeasts that have no distinctive morphological characteristics were traditionally assigned to one of four genera -Candida, Cryptococcus, Rhodotorula or Torulopsis. However, van Uden & Buckley (1970) considered that the traditional criterion for separation of Candida and Torulopsis, production and non-production of pseudohyphae, was 'arbitrary and artificial' and suggested that '. . . it appears logical to classify the group as one single huge artificial genus from which natural taxa could be split off in the future whenever sufficient information should become available. '
A formal proposal to merge the genus Candida with the genus Torulopsis was made in 1978 by Yarrow & Meyer, and two major monographs on yeast taxonomy subsequently accepted this revised diagnosis of the genus Candida (Barnett et al., 1983; Kreger-van Rij, 1984) . However, the taxonomic fusion of this yeast group into a single genus has been strenuously opposed by McGinnis (1980) and McGinnis et al. (1984) , and several authors and editors continue to distinguish between Torulopsis and Candida species in their publications.
Such a confused state of affairs is neither constructive nor desirable. Opposition to the taxonomic union of Candida and Torulopsis appears to come principally from medical mycologists, who commonly encounter only one species previously assigned to the genus Torulopsis, i.e. T. glabrata, which happens to be very readily distinguishable from the Candida species encountered in medical practice. However, Candida and Torulopsis species commonly isolated from clinical material account for only about 5% of all the species recognized in the Candida-Torulopsis group (Ahearn & Schlitzer, 1984; Meyer et al., 1984) , so consideration of only the medically important species is a scientifically inadequate basis for judging the taxonomic validity of a generic grouping.
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Designation of characters. The phenotypic characters used for the numerical analysis were principally those tabulated for the genus Candida by Barnett et al. (1983) . Of these 83 characters, five were not used because they were consistently negative (inulin fermentation, acetic acid production), consistently positive (growth without folate, growth without p-aminobenzoate) or largely unknown (5-ketogluconate growth) for all the species involved. The remaining 78 characters taken from the data of Barnett et al. (1983) were scored as follows : negative = 0, variable = 1, weak positive = 2, delayed positive = 3, positive = 4. The property of pseudomycelium/mycelium formation was determined for each species according to the descriptions given by Meyer et al. (1984) . These descriptions were interpreted according to the following scheme : no evidence of pseudomycelium formation among any strains in a species was scored as 0; pseudohyphae described as 'rudimentary', 'sparse', 'chains of roundish cells' and similar indications of minimal pseudohypha formation by some strains in a species were scored as 1 ; unequivocal formation of pseudohyphae by at least some strains in a species was scored 2; and formation of true hyphae by at least some strains in a species was scored 3. Thus a total of 79 characters was used for the numerical analysis.
Because the property of pseudohypha/hypha formation was traditionally significant in differentiating Candida and Torulopsis species, the scores for each species obtained from the descriptions of Numerical taxonomy. A cluster analysis was performed on the taxa according to methods described by Sneath & Sokal (1973 ). Gower's similarity coefficient (Gower, 1971 ) was calculated for all pairs of species and a dendrogram was drawn on the basis of unweighted average linkage between species. Groups of species with a similarity of 75% or better were regarded as homogeneous clusters. For each of these clusters, the most significant characters were determined by an algorithm developed from the CLUSTAN computer program (D. L. Wishart). For each character and each cluster, two figures were calculated : F (variance of character in cluster/variance of character over all species) and T (cluster mean score for character minus overall mean score for character/overall standard deviation). A value of zerc for F indicates homogeneity of a character within a cluster. while T serves as a measure of the deviation of the cluster mean for a character from the mean for all the species involved. This permits identification of the test characters that are most distinctive for a given cluster -they are the characters with the largest value of T when F = C The average-linkage dendrogram (Fig. 1) shows that the 147 Candida species analysed grouped into seven clusters at a similarity level (% S,) of 70, and 17 clusters at a similarity level of 75% SG. Seven of the latter clusters contained only one or two species. The species C. salmanticensis (cluster 17) was markedly different from all the others, showing an average similarity of only 58 % to all the other 146 species analysed.
The 12 Candida species of basidiomycetous affinity appeared together in three separate clusters with 75 % or greater similarity. C . psychrophila was the only species of presumed ascomycetous affinity to appear within these three clusters. The presumptively ascomycetous species C. valdiviana was 72% similar to two of the clusters of basidiomycetous species. None of the species previously included in the genus Torulopsis emerged as a homogeneous cluster except for clusters 6 and 8, each of which contained only two species. At least one example of a Torulopsis species appeared in all clusters except 2, 3, 9, 13, 15, 16 and 17, most of which included only one or two taxa. The majority of species in clusters 7, 11 and 12 are former members of the genus Torulopsis. Table 1 lists the species in all the clusters together with the five most definitive characters for each cluster with three or more members, as determined from the values of P and T calculated for each character within each cluster. The property of pseudomycelium formation did not appear as a strongly definitive character for any of the clusters.
The medically important species C. albicans, C. purapsilosis and C. tropicalis were all found together in cluster 4, together with species such as C. intermedia and C. viswanathii, which occur rarely in clinical material (Odds, 1988) . C. albicans and C. tropicalis in particular showed considerable similarity -better than 90% -in this analysis. C. glabrata, another clinically important yeast, fell within cluster 11 and thus showed less than 70% phenotypic similarity with the other medically important species.
Percentage similarity (&,) 
Discussion
The basis for separation of the genera Candida and Torulopsis, as previously circumscribed, was a single characteristic : formation or non-formation of pseudomycelium. In fact, the traditional definitions of the two genera allowed for the possibility of some overlap with respect to this character: for Candida the description given by van Uden & Buckley (1970) was 'Pseudomycelium formation by all or most strains of all species and varieties,' while for Torulopsis the equivalent definition was 'Pseudomycelium absent or rudimentary' (van Uden & Vidal-Leiria, 1970). Our numerical taxonomic analysis of imperfect species in the two genera shows that species previously classified in the genus Torulopsis do not fall into homogeneous clusters on the basis of their phenotypic properties, and that the property of pseudomycelium/ mycelium formation is not a strongly definitive phenotypic character for the demarcation of any of the clusters of species studied.
Viljoen & Kock (1989) recently examined the taxonomy of the genus Candida on the basis of new data concerning fatty acid composition and electrophoretic karyotype and historical information on other properties of the species. Unlike us, they excluded species with basidiomycetous affinities from their analysis, and they included species with known teleomorphs as well as imperfect species. Their results, like ours, revealed no tendency for Torulopsis and Candida species to fall into objectively separable taxa. Because the selection of Candida species examined by Viljoen & Kock (1989) does not correspond with ours we cannot directly compare the taxonomic groupings obtained in the two studies.
From (1984) argue that rudimentary pseudomycelium formation by Torulopsis species is normally easy to differentiate from the pseudomycelium formed by Candida species. However, they accept that occasional yeast isolates may be difficult to differentiate on this basis, and they point out that no taxonomic system can always unequivocally differentiate all taxa. We think this argument understates the extent to which pseudomycelium formation fails to serve as a criterion for generic differentiation of yeasts in practice.
Of the 147 imperfect yeast species included in the present study, 94 were classified in the genus Candida in 1970 (van Uden & Buckley, 1970) or were newly described as Candida species after that date. Of these 94, four had originally been described as Torulopsis species because their discoverers found they made no pseudomycelium, but were subsequently reclassified as pseudomycelium-forming Candida species. A further eight of the 94 Candida species have been classified as Torulopsis species at some stage in their history, according to the lists of their synonyms given by Meyer et al. (1984) . Thus, some 12% of species assigned to the genus Candida have been the source of confusion concerning their ability or inability to form pseudomycelium.
McGinnis et al. (1984) argue that the definition of the genus Candida proposed by Yarrow & Meyer (1 978) is so equivocal as to allow inclusion of members of the genera Cryptococcus and Rhodotorula. This implies that the latter genera were previously very clearly demarcated from Candida and Torulopsis: yet consideration of the histories of many Candida, Cryptococcus, Rhodotorula and Torulopsis species as described in the monograph edited by Lodder (1970) shows that confusion between these genera is by no means uncommon. Varieties of the species accepted as Cryp. laurentii in Lodder (1 970) had been variously classified in all four genera by different authors, while Rh. rubra and T. candida had historical synonyms in three of the four genera. The current relative positions of the genera Cryptococcus and Rhodotorula have been greatly strengthened by their redefinition to include basidiomycetous members of the genus Candida (including former members of the genus Torulopsis) (von Arx & Weijman, 1979; Weijman et al., 1988) . The exclusive restriction of Cryptococcus and Rhodotorula to imperfect yeasts of basidiomycetous affinity should greatly reduce the possibility of their confusion with the genus Candida.
A final argument against the traditional separation of Candida and Torulopsis arises from consideration of those species for which associations with perfect states have been demonstrated. van Uden & Buckley (1970) mentioned that the species C . macedoniensis, C . pseudotropicalis and T. sphaerica all had perfect-state equivalents in the genus Kluyveromyces, while T. molischiana and several Candida species had perfect-state equivalents in the genus Hansenula. The latest monograph on the genus Kluyveromyces (van der Walt & Johannsen, 1984) lists the single ascosporogenous species K . marxianus as having as imperfect forms C . kefyr and C. sphuerica: the latter was originally a Torulopsis, not a Candida species. If imperfect yeasts have teleomorphic equivalents in a single ascosporogenous species there seems to be little logic in retaining generic separation for the anamorphs.
We believe the continued separation of imperfect yeasts of the Candida-Torulopsis type into two genera is now taxonomically invalid not only because it is thought to be 'arbitrary and artificial ' (van Uden & Buckley, 1970) but it is also contrary to the evidence of our study. The issue of nomenclature of a single genus within the present definitions of the genus Candida (Yarrow & Meyer, 1978; Barnett et al., 1983; Meyer et al., 1984; Weijman et al., 1988 ) is one we regard as controversial. McGinnis (1980) and McGinnis et al. (1984) provide a strong case for precedence of the name 'Torulopsis' over 'Candida'. Yet 'Candida' is recommended over 'Torulopsis' in two major monographs of yeast taxonomy and nomenclature (Barnett et ul., 1983; Kreger-van Rij, 1984) . The eventual resolution of this problem will depend on cooperative adjudication within the rules of the International Code of Botanical Nomenclature.
